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SOLENOID VALVE 

BACKGROUND OF THE INVENTION 

This invention relates to a valve in which the valve 
member which controls ?ow is electromagnetically 
operated. In a valve of this type the valve member, in 
addition to controlling ?ow, is also the armature for the 

5 

solenoid or other electromagnetic means. Energization 
10 of the electromagnetic means results in movement of 

the valve member and a consequent opening or closing 
of a valve port. The valve member may be a free mov 
ing disc as shown, for example, in US. Pat. Nos. 
1,302,511 and 3,498,330. 
In one prior art valve of this type, a valve member is 

supported on three ?at ended bosses. At least one of 
the bosses has a passage extending through it. When an 
electromagnet is energized, the valve member is raised 
off the bosses to provide a ?ow path through the pas 
sage in the boss. 
One problem with this prior art valve is that it is 

dif?cult to seal against the ?at end of the bosses partic 
ularly after a prolonged period of use. One reason is 
that contaminants inherently build up on the surfaces 
to prevent proper seating of the valve member on the 
bosses. 

SUMMARY OF THE INVENTION 

The present invention overcomes the sealing prob 
lem described above by employing a knife-edged valve 
seat for cooperation with the valve member. To protect 
the knife-edged valve seat, means surround the valve 
seat radially outwardly of the valve seat. Such means 
may include a wall which also terminates in a knife 
edge. 
The knife edges of the valve seat and the wall inher 

ently resist contaminant build up. To the extent that 
contaminants are deposited on the knife edges, the 
urging of the valve member against the knife edges 
causes the knife edges to cut through the deposited 
contaminants. 
A valve constructed in accordance with the invention 

may include a valve body having a chamber therein and 
?rst and second passages in the valve body leading to 
the chamber. The valve member and valve seat are 
provided in the chamber and the ?rst passage termi 
nates in a ?rst port substantially at the valve seat. 

If the ?rst passage leads to a region of lower ?uid 
pressure than does the second passage, there will exist 
a pressure differential which tends to maintain the 
valve member in a ?rst position, i.e. in engagement 
with the valve seat and blocking the ?rst port. For some 
applications, it may be desirable to provide biasing 
means for urging the valve member toward the ?rst 
position. 

In order to move the valve member to open the ?rst 
port, it is necessary to provide sufficient force to the 
valve member to overcome the differential ?uid pres 
sure. With the present invention, this force includes an 
electromagnetic force applied by electromagnetic 
means, and the valve member is pivoted out of the ?rst 
position utilizing mechanical advantage. Accordingly, 
the magnitude of the electromagnetic force necessary 
to move the valve member is minimized. This in turn 
reduces the size, weight, and cost of the valve, all of 
which are of particular signi?cance to the aircraft and 
space industry. 
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2 
This can be advantageously accomplished by provid 

ing ?rst and second fulcrums in the chamber. The re 
sultant electromagnetic force is farther from the first 
fulcrum than the resultant ?uid force tending to hold 
the valve member in the ?rst position. Thus, mechani 
cal advantage is obtained in a ?rst stage pivoting move 
ment which occurs about the ?rst fulcrum. 
At the end of the ?rst stage pivoting movement, the 

valve member is in an intermediate position and the 
?rst port is open. In addition, the gap between the valve 
member and the electromagnetic means is reduced. 
Although the ?rst stage pivoting movement is all that is 
required to open the first port, it is preferred to use the 
electromagnetic force to pivot the valve member about 
the second fulcrum toward a second position in a sec 
ond stage pivoting movement. Because of the reduced 
gap between the electromagnetic means and the valve 
member, the second stage pivoting movement is easily 
carried out. 

In order that the valve member can be operated elec 
tromagnetically, it is necessary that the valve member 
include magnetic material. However, in order to pre 
vent wear on the surfaces of the valve member which 
contact the knife edges, these surfaces should be hard 
and wear resistant. This may be accomplished, for ex 
ample, by constructing the valve member of magnetic 
material and plating the magnetic material with a non 
magnetic material. Similarly, to prevent erosion of the 
knife-edged valve seat, the valve seat can advanta 
geously be formed of a relatively hard material. For 
example, an insert to the valve body may be provided 
with the insert being of hard material and having the 
valve seat thereon. 
The valve body is constructed of a plurality of body 

sections, at least one of which is magnetic and at least 
another of which is nonmagnetic. This is desirable in 
order for the position of the valve member to be elec 
tromagnetically controlled. 
The principles of this invention are applicable to both 

two-way and three-way valves as well as valves having 
other numbers of ?ow passages. For three-way valves, 
a second valve seat is provided in the chamber with the 
second passage terminating in a second port substan 
tially at the second valve seat. The valve member closes 
the second port in the second position. 
The invention can best be understood by reference to 

the following description taken in connection with the 
accompanying illustrative drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an elevational view partially in section 
showing one form of valve constructed in accordance 
with the teachings of this invention. 
FIG. 1A is an enlarged view in section showing a 

portion of the valve shown in FIG. 1. 
FIG. 2 is a fragmentary sectional view taken gener 

ally along line 2—2 of FIG. 1. 
FIG. 3 is a fragmentary sectional view of the valve 

with the valve member at the end of the first stage 
pivoting movement. 
FIG. 4 is a fragmentary sectional view similar to FIG. 

3 with the valve member at the end of the second stage 
pivoting movement. 

FIG. 5 is a view similar to FIG. 1 illustrating a two 
way valve constructed in accordance with the teachings 
of this invention and illustrated in the closed position. 
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DESCRIPTION OF THE PREFERRED 
EMBODlMENTS 

FIG. 1 shows a three-way solenoid valve 11 which 
generally includes a valve body 13 and a valve member 
15. The valve body 13 includes body sections 17, 19, 
21, and 23. The body sections 17, 19 and 21 cooperate 
to substantially de?ne a chamber 25. 
The body section 17 is constructed ofa nonmagnetic 

material such as a suitable stainless steel. The body 
sections 19 and 21 are constructed of magnetic mate 
rial such as a suitable steel and they cooperate to de?ne 
a housing for a coil 27. Speci?cally, the body section 19 
has a peripheral wall 29 which substantially circum» 
scribes the coil and a lower wall 31 which encloses the 
lower end of the coil. The body section 21 has an end 
wall 33 which is appropriately coupled to the periph 
eral wall 29 and a core 35 extending axially through the 
coil. 
The coil 27 is appropriately encased in a sheath 37 of 

plastic or other suitable material. Electrical power can 
be supplied to the coil 27 by way of terminals 39 and a 
lead 41. 
An insert 43 is carried by the body section 17 in a 

recess con?gured to receive the insert 43. The insert 43 
de?nes a knife-edged, circular valve seat 45 as shown 
more clearly in FIG. 1a. A passage 47 extends through 
the body section 17 and axially through the insert 43. 
The passage 47 terminates in a port 49 located substan 
tially at the valve seat 45. The insert 43 is constructed 
of a relatively hard substantially nonmagnetic material 
such as stainless steel. The material of the insert 43 is 
harder than the material of the body section 17. 
The body section 17 has an annular ridge or wall 51 

(FIG. 1a) which terminates in a knife edge 53 and 
which circumscribes the valve seat 45 to protect the 
valve seat. The knife edge 53 and the knife edge of the 
valve seat 45 may all lie in the same plane, but prefer 
ably the knife edge of the valve seat 45 is slightly above 
the knife edge 53. The wall 51 protects the knife edge 
of the valve seat 45. The use of knife-edged valve seats 
and surrounding knife-edged protective means is 
known per se and such constructions are sold by Bertea 
Corporation of lrvine, California. 
A second passage 55 is formed in the body section 17 

and leads to the chamber 25. The body section 17 is 
received in a recess in the body section 19 and is suit» 
ably af?xed thereto as by a pin 57 (only one being 
shown in FIGS. 1 and 1a). Annular seals 59, 61, and 63 
are carried by the valve body 13. 
Because the valve 11 is a three~way valve, 21 second 

valve seat 65 is provided in the chamber 25. In the 
embodiment illustrated, the valve seat 65 is de?ned by 
an insert 67 which is mounted in a counterbore in the 
core 35. The valve seat 65 is in the form of a circular 
knife edge. The insert 67 may be constructed of the 
same material as the insert 43, such material being 
harder than the material of the magnetic material ofthe 
core 35. A passage 69 extends from an outer port 71 of 
the body section 23 through the body section 23, the 
core 35, and the insert 67 and terminates in a port 73 
substantially at the valve seat 65. 
The valve member 15 in the embodiment illustrated 

is in the form of a circular disc having an aperture 75 
extending through it. The aperture 75 provides com 
munication between the port 73 and the portion of the 
lower surface of the valve member 15 circumscribed by 
the knife edge 53. The valve member 15 must include 

25 

v 

35 

45 

55 

60 

65 

4 
some magnetic material in order that its position can be 
controlled by the coil 27. Although various construc 
tions are possible, in the embodiment illustrated, the 
valve member 15 is constructed of a suitable magnetic 
material, and it is plated with nonmagnetic material 
such as chrome to make the outer surfaces thereof 
much harder than they would be if the valve member 
were made entirely from magnetic material. 
A pair of annular walls or ridges 77 and 79 circum 

scribe the valve seat 65. The ridge 77 has a relatively 
narrow edge in substantially the same plane as the valve 
seat and performs a protective function similar to the 
wall 51. The wall 51 and the ridge 77 need not com 
pletely circumscribe the valve seats 45 and 65, respec 
tively; however, as the circumscribing extent of the wall 
51 and the ridge is reduced some loss in protective 
ability occurs. Because the core 35 is constructed of 
softer material than the body section 17, the end of the 
ridge 77 is slightly wider than the knife edge 53. 
The ridge 79 is axially recessed from the ridge 77 and 

helps retain a seal 81 which seals the interface between 
the core 35 and the body section 19. The body section 
23 can be af?xed to the body section 19 in any suitable 
manner. 

In use, the passages 47, S5, and 69 are connected to 
?uid conduits (not shown) and the terminals 39 are 
coupled to an appropriate source of electrical energy. 
For example, the port 71 of the passage 69 may be 
coupled to a source of ?uid under pressure and the 
passage 47 may be coupled to return. The passage 55 is 
in turn coupled to a conduit which will be maintained 
at supply or return pressure depending upon the posi 
tion ofthe valve member 15. Thus, with the valve mem 
ber 15 engaging the valve seat 45 as shown in FIG. 1, 
the passage 55 is maintained at supply pressure and 
with the valve member 15 engaging the valve seat 65 as 
shown in FIG. 4, the passage 55 is maintained at return 
pressure. 
With the valve 11 coupled to an external ?uid circuit 

as described above and with the valve member 15 in 
the position shown in FIG. 1, the upper surface (as 
viewed in FIG. 1) of the valve member is exposed to 
?uid at supply pressure. The lower surface of the valve 
member 15, except for the area circumscribed by the 
valve seat 45, is also exposed to ?uid at supply pres 
sure. The portion of the lower surface of the valve 
member 15 circumscribed by the valve seat 45 is ex 
posed to fluid at return pressure, the latter being less 
than supply pressure. To the extent, if any, that the 
knife edge 53 isolates the valve member 15 from ?uid 
at supply pressure, the effect is negligible because the 
area of contact between the knife edge 53 and the valve 
member is essentially zero. 
With these pressures acting on the valve member 15, 

there is a differential ?uid pressure acting on the valve 
member urging it against the valve seat 45. The resul 
tant ?uid force F, of this differential ?uid pressure acts 
downwardly as viewed in FlG. 10 along the central axis 
of the valve seat 45. 
When the coil 27 is energized, the valve member 15 

is pivoted in a ?rst stage pivoting movement to an inter 
mediate position as shown in FIG. 3 and then in a sec 
ond stage pivoting movement to the position shown in 
FIG. 4. Energization of the coil 27 sets up an electro 
magnetic ?eld the ?ux path for which includes the core 
35, the valve member 15, the lower wall 31, the periph 
eral wall 29, and the end wall 33. This exerts an upward 
force on the valve member 15, the resultant F2 ofwhich 
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acts upwardly as shown in FIG. la through the center 
line of the core 35. 
The axes or center lines of the valve seat 45 and the 

core 35 are radially offset in the chamber 25 and so are 
the forces F, and F2. Thus. the force vector F2 tends to 
pivot the valve member 15 counterclockwise about a 
?rst fulcrum 83 as shown in FIG. 3. In the embodiment 
illustrated the ?rst fulcrum 83 is de?ned by a portion of 
the knife edge 53. Because the distance between the 
fulcrum 83 and the force F2 is greater than the distance 
between the fulcrum 83 and the force Fl, a mechanical 
advantage is obtained in the ?rst stage pivoting move 
ment. As the ?rst stage pivoting movement continues, 
the gap between the valve member 15 and the core 35 
reduces with a consequent increase in the electromag 
netic force on the valve member 15. 
The first stage pivoting movement continues until the 

valve member I5 strikes a portion of the ridge 79 which 
constitutes a second fulcrum 85 (FIG. 3). Thereafter, 
the valve member 15 pivots clockwise about the ful 
crum 85 toward the position shown in FIG. 4. As the 
valve member 15 nears the valve seat 65, it strikes a 
region of the ridge 77, and the last increment of move 
ment of the second stage pivoting movement occurs 
about a third fulcrum on the ridge 77. Alternatively. 
the ridge 79 may be axially recessed sufficiently so that 
the valve member 15 never engages it, in which event 
the second fulcrum is on the ridge 77, and all of the 
second stage pivoting movement occurs about the sec— 
ond fulcrum. 
The second stage pivoting movement is facilitated by 

the increased electromagnetic force resulting from the 
reduction in the gap between the valve member 15 and 
the core 35 and by the reduction of the differential 
?uid pressure on the valve member 15. In the position 
shown in FIG. 4, the valve member 15 sealingly en 
gages the valve seat 65 to block fluid at supply pressure 
from entering the chamber 25. In addition, a ?ow path 
between the passage 55 through the chamber 25 to the 
passage 47 is provided. 
To return the valve member 15 to the position shown 

in FIG. I, the coil 27 is deenergized. This permits the 
?uid under pressure from the passage 69 to force the 
valve member 15 downwardly against the valve seat 45. 
The valve member 15 cooperates with the valve seats 

45 and 65, the knife edge 53, and the ridge 77 to cut 
through any contaminants which may be deposited on 
these components. Accordingly, contaminants and 
particulate matter cannot cause a loss of sealing effec 
tiveness in the valve 11. Because of the hardness of all 
of the knife edges and the valve member 15, wear on 
these parts is reduced. 
FIG. 5 shows a valve 110 which is identical to the 

valve 11 in every way not shown or described herein. 
Portions of the valve 11a corresponding to portions of 
the valve 11 are designated by corresponding reference 
numerals followed by the letter a. 
The basic functional difference between the valves 

11 and Ila is that the latter is a two-way valve. Accord< 
ingly, the body section 23, the passage 69, the insert 67, 
and the ridges 77 and 79 have all been eliminated in the 
valve Ila. 
The body section 170 is identical to the body section 

17 except that the position of the pin 57a is reversed. 
The valve member 150 is identical to the valve member 
15 except that the former has no aperture 75; however. 
because sealing occurs at the valve seat 450, an aper 
ture through the valve member may he provided if 
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6 
desired. A coil compression spring 87 acts between the 
core 35a and the valve member 15a to bias the valve 
member toward a closed position in which it sealingly 
engages the valve seat 45a. 

In use of the valve Ila, the passage 55a may, for 
example, be coupled to a source of fluid under pressure 
and the passage 47a may be coupled to ?uid under 
lesser pressure. In this event, there would be a resultant 
?uid force F' acting downwardly (as viewed in FIG. 5) 
through the center of the valve seat 45a as described 
above in connection with the valve II. Similarly, when 
the coil 27a is energized, there exists a resultant elec 
tromagnetic force F2 acting upwardly (as viewed in 
FIG. 5) along the center of the core 350 as described 
above with reference to the valve 11. Thus. the valve 
element 150 pivots in a two-stage pivoting operation 
about the fulcrums 83a and 85a, respectively, all as 
described in FIGS. l-4. In the open position, the upper 
surface ofthe valve member [5a is ?ush with the lower 
face of the core 35a and the spring 87 is compressed. 
Accordingly, when the coil 27a is deenergized, the 
spring 87 urges the valve member 15a back to the 
closed position shown in FIG. 5. 
Although exemplary embodiments of this invention 

have been shown and described, many changes, modi? 
cations and substitutions may be made by those with 
ordinary skill in the art without necessarily departing 
from the spirit and scope of this invention. 

I claim: 
1. A valve comprising: 
a valve body having a chamber therein; 
?rst and second passages in said valve body leading 

to Said chamber; 
means de?ning a valve seat in said chamber. said first 
passage terminating in a ?rst port substantially at 
said valve seat; 

first means in said chamber substantially circum 
scribing said valve seat for protecting the valve 
seat; 

a valve member having a ?rst position in which it 
engages the valve seat to block flow through said 
?rst port, said valve member including magnetic 
material; 

said ?rst and second passages being adapted to lead 
to regions of ?rst and second ?uid pressures, re 
spectively, with said second pressure being greater 
than said ?rst pressure whereby a resultant differ> 
ential ?uid force can act on said valve member and 
tend to maintain said valve member in said first 
position; 

electromagnetic means carried by said valve body 
and energizable to apply a resultant electromag 
netic force to the valve member, said resultant 
electromagnetic force acting in a direction to move 
the valve member out of said ?rst position; 

means de?ning a first fulcrum in said chamber; 
said valve member being pivotable on said ?rst ful~ 
crum out of said ?rst position in a ?rst stage pivot 
ing movement whereby communication between 
said chamber and said passage through said first 
port is established; 

the resultant electromagnetic force being further 
from said ?rst fulcrum than the resultant ?uid force 
whereby said ?rst stage pivoting movement is car 
ried out with mechanical advantage; and 

said valve member having a surface engageable with 
said valve seat. said surface being of nonmagnetic 
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material and being harder than the magnetic mate 
rial of said valve member. 

2. A valve as de?ned in claim 1 wherein said valve 
seat includes a knife edge engageable with the valve 
member in the said ?rst position. 

3. A valve as de?ned in claim 1 wherein said valve 
body includes a body section, said valve seat being 
carried by said body section and being constructed of 
substantially nonmagnetic material, said valve seat 
being constructed of harder material than said body 
section. 

4. A valve as de?ned in claim 1 wherein said valve 
member moves to an intermediate position in said ?rst 
stage pivoting movement and said valve includes means 
for de?ning a second fulcrum in said chamber, said 
resultant electromagnetic force being operative to 
pivot the valve member about the second fulcrum from 
said intermediate position toward a second position in 
a second stage pivoting movement. 

5. A valve as de?ned in claim 4 including means 
de?ning a second valve seat in said chamber, said sec 
ond passage terminating in a second port substantially 
at said second valve seat, and said valve member clos 
ing said second port in said second position. 

6. A valve as de?ned in claim 1 including mechanical 
means for resiliently biasing said valve member toward 
said ?rst position. 

7. A valve comprising: 
a valve body having a chamber therein; 
?rst and second passages in said valve body leading 

to said chamber; 
?rst means de?ning a knife edged valve seat in said 
chamber, said ?rst passage terminating in a ?rst 
port substantially at said valve seat; 

means de?ning a wall in said chamber, said wall sub‘ 
stantially circumscribing the valve seat; 

a valve member having a ?rst position in which it 
engages the valve seat to block ?ow through said 
?rst port, said valve member including magnetic 
material; 

electromagnetic means carried by said valve body 
and energizable to apply a resultant electromag 
netic force to the valve member, said resultant 
electromagnetic force acting in a direction to move 
the valve member away from said valve seat; 

the central axis of said port being olTset radially from 
said electromagnetic resultant force at said valve 
member; and 

said valve body including a body section and said ?rst 
means including an insert of nonmagnetic material, 
said insert being carried by said body section and 
having said valve seat thereon, said valve seat being 
of harder material than said body section. 

8. A valve de?ned in claim 7 wherein said valve 
member has a surface engageable with said valve seat, 
said surface being of nonmagnetic material and being 
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8 
harder than the magnetic material of said valve mem 
bet. 

9. A valve as de?ned in claim 7 wherein said resultant 
electromagnetic force moves the valve member to a 
second position, said valve including means de?ning a 
second valve seat in said chamber, said second passage 
terminating in a second port substantially at said sec— 
ond valve seat, and said valve member closing said 
second port in said second position. 

10. A valve as de?ned in claim 9 wherein said second 
valve seat has a knife edge and said valve includes 
means substantially circumscribing said second valve 
seat to protect said second valve seat. 

11. A valve as de?ned in claim 7 wherein said valve 
body includes a plurality of body sections, a ?rst of said 
body sections being of nonmagnetic material and hav 
ing said wall thereon, at least a second of said body 
sections being of magnetic material and de?ning at 
least a portion of the ?ux path for said electromagnetic 
means. 

12. A valve as de?ned in claim 1 wherein said first 
fulcrum is on said ?rst means. 

13. A valve comprising: 
a valve body including a peripheral wall de?ning a 

cavity, a core of magnetic material extending 
through the cavity, and a ?rst wall extending from 
the peripheral wall generally toward the core, said 
valve body having a chamber therein, said core 
terminating in said chamber; 

?rst, second and third passages in said valve body 
leading to said chamber; 

?rst means de?ning a ?rst knife edged valve seat in 
said chamber, said ?rst passage terminating in a 
?rst port substantially at said valve seat; 

an insert in said core, said insert de?ning a second 
knife edged valve seat in said chamber, said second 
passage extending through said core and said in 
sert; 

means de?ning a second wall in said chamber, said 
second wall substantially circumscribing the first 
valve seat; 

a valve member having a ?rst position in which it 
engages the ?rst valve seat to block ?ow through 
said ?rst port, and a second position in which it 
engages the second valve seat to block ?ow be 
tween the second passage and the chamber, said 
valve member including magnetic material; 

a seal between said core and said ?rst wall to seal the 
cavity from the chamber; 

a coil in said cavity and energizable to apply a resul 
tant electromagnetic force to the valve member, 
said resultant electromagnetic force acting in a 
direction to move the valve member from said first 
position to said second position; and 

the central axis of said port being offset radially from 
said electromagnetic resultant force at said valve 
member. 

* * * 1k * 


